Introduction
Quality and consistency have become central tenets of healthcare governance and variations in hospital mortality relating to out-of-hours admission have received particular attention. Notionally, the risk of dying should be independent of the day and time of admission. In practice, there are important differences in nurse staffing ratios, availability of medical staff and accessibility of support services between daytime working hours and out-of-hours periods. 14, 16, 17, [22] [23] [24] [25] [26] There is evidence that such organisational factors may contribute to an excess mortality in certain groups of patients. 1, 10, [12] [13] [14] 16, 27 There have been several studies of the relationship between time of admission and mortality in the intensive care setting in many countries. One very large cohort study from the United States reported a modest increase in the adjusted odds of inhospital death for patients admitted to ICUs on a weekend. However, the adjusted odds of death were also higher for patients admitted on Monday or Friday, and the results were therefore attributed to unmeasured confounding factors rather than genuine differences in quality of care. 4 A further cohort study in Finland reported increased risk-adjusted mortality for patients admitted to ICUs on weekends, but was similar for evening and night-time admissions. 20 In contrast, studies from France, Canada, and Saudi Arabia showed no difference in risk-adjusted mortality ratios in patients admitted on weekends or at night. 2, 18, 19 There is only one study from the UK, by Wunsch et al, of 56,250 ICU admissions, which similarly failed to show an association between day and time of admission and case-mix adjusted hospital mortality. 21 The median APACHE II score of patients in this study was 16.4 with a predicted hospital mortality of 17.6%, whereas the actual hospital mortality was 29.4%. In contrast, the UK APACHE II validation study reported a predicted hospital mortality of 27.2%, compared
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Variations in outcome relating to out-of-hours care have received considerable attention. We conducted a retrospective cohort study to determine the effect of day and time of admission on mortality in an intensive care unit (ICU) with representative admission severity of illness. Data pertaining to 4,183 patients admitted between 2000 and 2007 were extracted from a prospectively maintained database. Case-mix adjustment was undertaken using the UK APACHE II probability of hospital death. The mean APACHE score was 20.9 with a median predicted hospital mortality of 32.5%. Actual hospital mortality was 30.8%. Compared with Wednesdays as the reference day, admission to ICU on any other given day was not associated with higher crude or case-mix adjusted mortality. Admission to ICU in the evening, compared with daytime admission, was associated with lower odds of crude hospital mortality, but this difference was no longer significant after case-mix adjustment. Case-mix adjusted in-hospital mortality does not vary with day and time of admission, even in patients with higher severity of illness and higher predicted mortality than previously reported. Case Mix Programme Database (CMPD) as a whole revealed a predicted mortality of 25.5%, compared with actual hospital mortality of 28.6%. 28 The marked difference between expected and observed mortality in the Wunsch study could be the result of 'drift,' as a consequence of the interval between development and application of the model, but equally could be due to poor calibration. 29, 30 The effect of poor calibration on the robustness of the conclusions of the study is difficult to determine, but casts some doubt on their veracity. With these issues taken into consideration, we believe that further research is required in units with higher severity of illness and better calibration for APACHE II. The hospital used in this study is one such unit. We therefore aimed to determine the effect of day and time of admission on mortality in an ICU with both a higher admission severity of illness and a higher APACHE II calibration than previously reported.
Methods
Aberdeen Royal Infirmary (ARI) is a 900-bed university hospital in the North East of Scotland. The 12-bedded level 3 general ICU serves as the regional referral centre for Grampian and in addition provides a tertiary service for the Highlands and Islands of Scotland. ARI delivers care for most adult medical and surgical specialties excluding transplant surgery and the ICU cares for critically ill patients from all of these specialty areas. Cardiac surgery patients are cared for in a dedicated level 3 facility and are not included in this study.
Case mix and outcome data of patients admitted to the ICU at ARI between 1st December 2000 and 30th November 2007 were obtained from a prospectively maintained database. Information is collected by trained data abstractors, and includes socio-demographic, intervention, diagnosis, severity of illness and outcome data. Severity of illness is measured using APACHE II scoring. 31 In keeping with the criteria of the model, patients were excluded if less than 16 years of age, admitted to the ICU for less than eight hours, transferred from another level 3 unit (within or outside of ARI), or readmitted to ICU within the same hospital stay. 21, 31 Case mix adjustment was undertaken using the UK APACHE II probability of hospital death, defined as death before ultimate discharge from hospital after intensive care, as described by Rowan et al. 32 In line with the study by Wunsch et al, we defined a working day as commencing at 08:00 one day and finishing at 07:59 the following day. 21 Each 24 hour period was split into three time periods, defined as 'day' (08:00 to 17:59), 'evening' (18:00 to 23:59) and 'night' (00:00 to 07:59).
Data were summarised using descriptive statistics, number and percentage; mean and standard deviation (SD); or median and 25th to 75th centile, where appropriate. The number of ICU admissions was also summarised graphically by day of the week and time of day, using a bar chart. We explored potential differences in the characteristics of admissions between days using chi-squared tests, one-way ANOVA and Kruskal-Wallis tests where appropriate. Hospital mortality was analysed using 
Results
There were 5,203 cases identified. Of these, 1,020 were excluded (51 on the basis of age, 69 were transferred from another ICU within the hospital, 69 were transferred from an ICU in another hospital, 380 were re-admissions, 182 were cardiothoracic cases, and 269 were in ICU for less than eight hours), leaving 4,183 data sets for analysis. The mean age was 58.5 years (SD 17.8), and 42.5% of patients were male. Patients admitted on weekends, compared with weekdays, were younger, as were those admitted during the night compared with during the day (p<0.001). The mean APACHE II score was 20.9 (SD 8.4), for a median APACHE II predicted hospital mortality of 32.5%. There were no differences in APACHE II scores or predicted mortality by day of the week (p=0.37 and p=0.51 respectively), but median scores and predicted mortality for patients admitted in the evening were lower than those admitted during the day or night (p=0.048 and p=0.001 respectively). The proportion of patients with APACHE II chronic health evaluation points was 27.7%. In this cohort, 8.8% had undergone emergency surgery, with differences by day of the week (p=0.029), but not time of day (p=0.86). More patients were admitted during the day than in the evenings or at night (p<0.001), regardless of the day of the week. The number of night-time admissions was fairly constant (coefficient of variation 6.6), regardless of the day of the week, whereas the number of daytime and evening admissions varied (Figure 1 ). There were fewer admissions on weekends than on weekdays (p<0.001).
Mean APACHE II scores were higher on Fridays to Mondays (range 21.1-21.3) than on Tuesdays to Thursdays (range 20.5-20.8) ( Table 1 ). Crude mortality was lowest for those patients admitted on Fridays (29.4%) and Wednesdays (29.6%) and highest for those admitted on Sundays (34.4%), and was higher for daytime and night-time admissions (both 32.2%) than for evening admissions (28.4%) ( Table 1) .
Compared with Wednesdays as the reference day, admission to the ICU on any other given day was not associated with higher crude or case-mix adjusted mortality ( Table 2) . Admission to ICU in the evening was associated with lower odds of crude hospital mortality (OR 0.83, 95% CI 0.72-0.97), but this difference was no longer significant after case mix adjustment (OR 0.90, 95% CI 0.76-1.07) ( Table 3 ).
Discussion
Our study confirms that the day and time of admission to intensive care have no effect on hospital mortality after adjustment for baseline severity of illness.
We have demonstrated variation in the severity of illness between days of the week and times of the day. Admission on a Sunday appears to be associated with a trend towards higher crude predicted and actual mortality, but when we adjust for APACHE II score, this trend is no longer significant. It is also noteworthy that evening admission appears to be associated with a trend towards lower crude predicted and actual mortality, but when adjusted for APACHE II score, this trend also loses significance. This observation could be explained by generic differences between patients admitted at different times of day, with a preponderance towards more elective admissions in the evening (after elective or urgent surgery) or admission associated with a preceding period of appropriate observation in a ward environment during the day when appropriate staffing ratios, staffing seniority and provision of support services are available. It is important not to over-interpret this data as these observations represent trends only. This study differs from the previous study by Wunsch et al in terms of scale, case-mix and number of centres. Patients in this cohort had higher APACHE II scores and higher APACHE II predicted mortality compared to patients in the Wunsch study, more in keeping with those recently reported by the ICNARC CMP programme.
Patients in the current study were also slightly younger than the patients in the Wunsch study. Furthermore, a greater proportion of patients in the Wunsch study had undergone emergency surgery (20.9%, compared with 8.8% in the Aberdeen cohort). The observed and expected mortality rates are very similar, suggesting good calibration for our population, and are similar to the original UK APACHE II validation study 29, 30 and the recently reported analysis of the CMP programme. 28 There have been several other studies looking at the relationship between time of admission and mortality in the intensive care setting. A retrospective cohort study from the United States reported a modest increase in the risk-adjusted mortality for patients admitted to ICUs on a weekend, but the results were attributed to unmeasured confounding factors. 4 A retrospective cohort study from Finland also reported increased risk-adjusted mortality for patients admitted to ICUs on weekends compared with weekdays, but there was no difference in mortality between evening and night-time admissions. 20 In contrast, studies from from Saudi Arabia, France, Canada and the Netherlands showed no difference in the risk-adjusted mortality in patients admitted on weekends, at night, and during the day. 2, 18, 19, 33 The results of this study should be interpreted in the context of current work patterns. At the time of this study, senior house officers worked a 13-hour full shift system, and were resident on call, whereas registrars and consultants worked a non-resident 24-hour on-call rota. The lack of variability in outcomes could be due to patients receiving identical care, including consultant presence, regardless of the time of the day and the on-call pattern of working. Unfortunately we do not have contemporaneous data on how many patients admitted overnight or on weekends were seen by a consultant, or how soon after admission they were seen.
This study has other limitations, the principal one being its relatively small size and the fact that it represents data from one single centre. It also only examined hospital mortality, which is only one of the outcome measures of effective and timely treatment. Mortality following hospital discharge, which can be high in patients who require intensive care during their admission, and functional outcomes and quality of life are other important outcomes which are, however, not routinely recorded and therefore were not considered. Lastly, the data presented are several years old, and mortality prediction is thus susceptible to the same 'drift' as found in all studies. However, for administrative reasons, it would be difficult to extend the period of data collection.
Despite these limitations, this study adds to the existing body of evidence. Case-mix adjusted in-hospital mortality does not vary with day and time of admission, even in patients with greater comorbidity, higher severity of illness and higher predicted mortality. Table 3 Hospital mortality by time of admission to ICU (n=4,183). Data presented as odds ratios (OR), 95% confidence intervals (CI) and p values from crude and APACHE II adjusted logistic regression analyses. * reference period. Model estimating adjusted OR was: logit[prob(death)] = constant + beta1 * apache + beta2 * evening + beta3 * night where the variables evening and night were indicator variables for each evening and night time admission, daytime as the reference category, and apache was the APACHE II predicted mortality score. The crude OR model was the same except this model omitted the APACHE II predicted mortality score.
